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THE GREATEST MATHEMATICAL PHILOSOPHER 


By Joun A, PATERSON 


Nature and ali her laws lay hid in night, 


God said ** Let Newton be ” and all was Light. 


ss is a great attractiveness in opening a parcel; the 


mystery of its contents, the anticipation of a pleasant dis- 


covery, the possibility of disappointment. All these tend to 
create interest until the string is untied, the paper stripped off, 


the box opened and then all is revealed. The parcel we open 


to-night has been opened before by very skilful hands, and all I 
can veature to do is to untie again the string, strip off the cover- 
ing, again open the box and place the contents before you with 


the hope that some part of it may not have been seen before by 


my patient hearers, and whatever part has been seen before may 
by a humble hand be lifted from its box and placed upon the 
table of your attention in a more familiar manner, for you to 
view it more closely, but not for me to show it more skilfully. 
A man of large affairs, one of wealth and renown, to whom was 
given ‘‘ wisdom and understanding exceeding much and large- 
ness of heart even asthe sand which is on the sea shore ’’ — the 
son of a King, and who ornamented a kingly throne with a 
royalty of mind far beyond the wisdom of his day wrote — 


at 
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** Seest thou a man diligent in business? He shall stand before 
kings; he shall not stand before common men,’’ The man we 
speak of to-night was truly a man diligent in business, in the 
domain of mathematics ; he labored assiduously ; he struggled 
nobly and attained a preeminence that placed him among the 
most gifted men of this earth. He, indeed, literally stood not 
only before kings but also queens, and that was more than the 
wise man thought of, for he was knighted by his sovereign 
Queen Anne. But his real patent of nobility came from no 
earthly hand; it came from a higher source, which said — 
** Behold I have sent thee forth mortal man to teach the world 
the secrets of my phvsical control of the universe ; to investigate 
the laws by which the government of all these orbs ison my 
shoulders ; to proclaim these universal laws of matter that 
govern a myriad blazing thrones, compelling them to reverence 
the principles of gravitation and mechanics, and to keep as 
rigidly their behests throughout all the ages from long before 
that time when the earliest astronomer gazed at them from the 
rude observatory of a hilltop. I endow thee with the perception 
first to see the truth, and then to prove the truth, and last of all 
to proclaim the truth that all these battalions of remote and 
shining hosts are bound by the chains of the same adamantine 
regularity that rules our globe.’’ Yes, Isaac Newton not only 
stood before those who were kings of this earth in the common 
sense, but he stood among the kings of intellect, who had been 
touched by the divine afflatus of scientific discovery, and who 
loyally acknowledged his supremacy. And in speaking of New- 
ton’s preeminence I cannot forebear placing before you Dryden's 
epigram on Milton. 

‘* Three poets, in three distant ages born, 
Greece, Italy and England did adorn. 
The first in loftiness of thought surpassed ; 
The next in majesty, in both the last. 
The force of nature could no turther go 


To make the third, she joined the other two.’ 


But why should Dryden in exalting Milton disparage Homer 
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and Virgil? Why cannot the force of nature go further? There 
can be no flower without the blossom. We cannot vilify nature, 
or spurn Kepler and Galileo for the sake of glorifying Newton. 
That is my quarrel with Pope's celebrated epitaph on Newton, 
which I have quoted at the head of this paper. The knowledge 
of former ages must not be blotted out to give him a dark ground 
to stand out on as a brilliant idol. Nature does not move by 
leaps, but ‘‘ first the bud, then the ear and then the full corn in 
the ear.’’ No sun ever rises without the prelude of a twilight. 
Newton was no Minerva to leap fully armed out of the brain of 
Jupiter, for we shall see what he owed to the long line of pre- 
decessors who labored at the foot hills, and to the long drawn 
labors of his distinguishéd contemporaries. For science ‘‘widens 
with the process of the suns.’’ 

Isaac Newton was born near the village of Colsterworth, in 
England, on Christmas Day, 1642, in the same year in which 
Galileo died. He was so feeble in the early days after his birth, 
and was of such a diminutive size that his life was despaired of, 
but the frail casket which held the immortal mind afterwards 
reached so vigorous a maturity that he attained the age of 85. 
And as for his intellect, it shattered the locks which barred the 
secrets of the universe. He was the posthumous son of a farmer 
in asmall way. At school he was far from industrious, accord- 
ing to his own confession, and lacked ambition and initiative, 
but one day he triumphantly resisted an unprovoked assault 
from a bigger boy. It is said he so thoroughly thrashed his 
opponent that he dragged him by the ears and rubbed his nose 
against the church wall. Thus did the renowned author of the 
Principia in early years illustrate the thoroughness of his work. 
His opponent in this physical struggle was, however, higher in 
his classes than young Isaac, which fact stimulated the hero of 
the church nose-rubbing episode to work so hard that he acquired 
an intellectual superiority and became head boy of the school. 
His mother had determined that he had better follow his father’s 


occupation and become a farmer. But it seemed otherwise to 
the gods, for while young Newton read books under a wide 


— 
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spreading beech tree. or was engaged in cutting models of water- 
wheels with his jack knife, the cattle were treading out the corn 
for their own use, and the sheep were everywhere where they 
should not have been. His friends decided that he was not fitted 
for agrarian pursuits, and sent him to college, being likely the 
only fit place for a boy who obstinately declined to perpetuate 
the family traditions as an honest cultivator of the soil. He was 
destined for higher and more celestial pursuits; the perplexing 
problems of the rotation of the crops were not his to solve, but 
rather the rotation of the planets; not the care of the bulls 
and the rams and the dogs of the farm, but the study of Taurus 
and Aries and Canis Major and Minor. His philosophic mind 
early showed its peculiar characteristics. When he was 16 years 
old, and on the day of the great storm when Cromwell died, he 
sought to determine the force of the gale, and so he jumped first 
with the wind and then against the wind, and then compared 
the results with his jump on a calm day, and so computed the 
force of the storm. Unconsciously he thus became a disciple of 
Francis Bacon, the great expounder of experimental philosophy. 

He entered Trinity College, Cambridge, in 1661, and gradu- 
ated four vears afterwards. His first effort in the line of mathe- 
matics was to buy an English edition of Euclid, which he tossed 
aside ‘‘ as a trifling book,’’ and applied himself to the study of 
Descartes’ Geometry. I venture to offer you a sidelight on the 
humanity of our hero. Students do not as a rule keep expense 
accounts. The expense account kept by young Isaac in 1665 is 
a revelation — in this there was neither philosophical nor mathe- 
matical posing ; it was only plain every-day nature. Among 
many items we find the following : 


a 


Drills, hammer, etc. - 
A magnet 16 
Glass bubbles 


4 
Lost by cards twice - 15 
At the tavern twice - 3. «6 
Three prisms - 
To the proctor - 2 00 
4 0z. of putly - 1 4 
Binding my Bible © - 3 
Oranges tor my sister 4 2 


Lent Dr. Wickens . II 


| 
| 
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Thus loans to friends, oranges for his sister, fines to the 
proctor, buying apparatus for experiments, losses at cards, 
social drinks and keeping his Bible in good order are here uncon- 
sciously revealed to this generation after a lapse of more than 
250 years. Before he graduated, the method of Fluxions, other- 
wise the Differential Calculus, occurred to Newton’s mind, which 
when developed became the master key in unlocking the pro- 
blems of mathematics and astronomy. In 1666, on account of 
the plague, Trinity College was dismissed, and Newton found 
refuge in the country. It was then that the incident of the 
apple falling from a tree in the garden first awakened in his 
mind the theory of gravitation. Voltaire is, I understand, re- 
sponsibie for the story. The question was,—‘‘ What caused the 
apple to fall?’’ The incident I fear is legendary, although it 
may be remarked in passing that if on that occasion the apple 
hit the young philosopher on the head, it would naturally arouse 
a train of thought, and it might even evoke some power of rapid 
and energetic expression. However that may be there was a 
certain apple tree associated with this story. which grew decrepit 
with age, and was consequently cut down in the year 1820. It 
is acruel thing to disturb the veracity of certain siories round 
which cluster so many beautiful and youthful memories. There 
is another story about the accidental destruction of valuable 
papers by his dog ‘‘ Diamond ’”’ upsetting a candle, and so setting 
them on fire, whereupon Sir Isaac, seeing the dreadful wreck, 
rebuked the author with an exclamation--‘‘O Diamond, 
Diamond, thou little knowest the mischief thou hast done!’’ 
And yet on another occasion we have been gravely told that Sir 
Isaac had a cat and a kitten, and he desired them to have free 
access to his library, and so ordered a carpenter to cut two holes 
in the door, a large one for the cat anda smaller one for the 
kitten. This is intended to illustrate the philosophical habit of 
mental-abstraction possessed by the mere theorist, who had no 
practical ideas of space, or that the greater would include the 
less. But Clio, the muse of history, sternly forbids any trifling, 


for magna est veritas, and I am compelled by an inborn and 


| 
ij 
‘ 
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highly trained sense of truth to report a remark made by Dr. 
Humphrey Newton, his Secretary, that Sir Isaac ‘‘ never had 
any communion with dogs or cats.’ 

Let us, however, turn back to the broad highway of more 
profitable investigation. Newtons earlier studies were turned 
to optics, and with prisins he made many experiments. He dis- 
covered the composition of white light, and the different refrangi- 
bility of the rays that compose it, as shown in the spectrum. 
The success which attended his researches in optics was very 
great, although they were preserved only in oral lectures until in 
1672 he presented an account of them to the Royal Society. 
Thus a new volume was opened in optical science by experi- 
ments in a dark room, a hole cut in the shutter, a prism and a 
screen presided over by this young high priest of science. But 
it ever is that the hour of the birth of a new discovery is the 
hour of the birth of battle, and his theories were strongly opposed 
by the eminent English natural philosopher, Robert Hooke ; by 
Lucas, Mathematical Professor at Liege ; and by many others. 
In fact, many refused to believe in the very existence of such a 
thing as aspectrnm. He carried on the discussion with great 
courtesy and patience, but to his sensitive mind they gave him 
such pain that he wrote to a friend,—‘‘ I see I have made myself 
a slave to philosophy, but if I get free of Mr. Lucas’ business I 
will resolutely bid adieu to it eternally, excepting what I do for 
my private satisfaction, or leave to come ont after me ; for I see 
a man must either resolve to put out nothing new, or to become 
a slave to defend it.”’. It was in these days that his neighbors 
used to see young Newton blowing soap bubbles in his garden 
and pursuing them with all the eagerness of a child at play, and 
they were in doubt as to the perfect mental equilibrium of this 
strange young gentleman. But he was worshipping at the altar 
of science, and laying the foundation of truths upon which later 
generations of equally earnest seekers builded. 

It is impossible within the compass of this paper to dwell at 


length on Newton's contributions to optical science. He was in 


a certain degree the pioneer and helped to release the thoughts 
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and discoveries of many others in his own and later ages. His 
corpuscular theory suffered serious attacks, and broke down by 
the weight of experimental evidence in the early years of the 
last century, when it was displaced by the wave theory, which 
states, that light is propagated by undulations set in operation 
by a luminous body in the ether.- The corpuscular theory, 
which teaches that luminous bodies emit extremely small cor- 
puscles, which can freely pass through transparent substances, 
and produce the sensation of light by their impact upon the 
retina of the eye, received its final blow when J. B. L. Foucault 
proved by direct experiment that the velocity of light in water 
is not greater than in air as it should be according to the cor- 
puscular theory, but less, as is required by the wave theory. 

Newton also invented a reflecting telescope, which differs 
from the Gregorian, the Cassegrain and the Herschellian, and is 
the form most frequently used in ordinary present day reflectors, 
although the Cassegrain plan is used for the great Melbourne 
telescope, and for the 60-inch reflector of the Mount Wilson 
Solar Observatory. The Newton reflector consists of a large 
concave mirror, which reflects the image on a small plane mirror 
placed at an angle of 45° and thence to the eye piece, which is 
placed at the side of the instrument. 

My principal object in this paper is to give an account of 
Newton's investigations and discoveries as to the theory of gravi- 
tation, which has made his name most celebrated. 

When he turned his mind to this great subject he found 
that his way had, to a great extent, been prepared by the labors 
of other astronomers. A great alliance of distinguished men 
from the days when the worshipping astronomer Job was per- 
plexed with questions,—‘* Whereupon are the foundations of 
the earth fastened ? Who laid the corner stone thereof? When 
did the morning stars sing together and all the sons of God shout 
for joy ?’’— had long struggled to lighten up the labyrinths, 
and many a strong hand had grasped the barriers that held the 
secrets of nature, and had shaken but not opened them. New- 
ton was the great leader of that phalanx, and it was reserved for 


aa 
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him to wrench these barriers from their fastenings and cast them 
down. John Kepler had, by an elaborate system of measure- 
meuts, proved three cardinal laws that governed the solar system. 

(1) That each planet revolves in an ellipse round the sun 
whose centre is in a focus of the orbit. 

(2) That the radius vector of each planet, or the line 
drawn from each pianet to the sun, describes equal areas in equal 
times, 

(3) That the squares of the vears of the planets are pro- 
portional to the cubes of their mean distances from the sun, 

Kepler deduced these laws by long and laborious observa- 
tion. He laid them down as facts, but could not, or at least did 
not, ascertain the reason of them or any relation between them. 
Newton commenced at the other end and proved : — 

(1) Ifa body move in any orbit about a fixed centre of 
force, the areas described by lines drawn from the centre to the 
body lie in one plane, and are proportional to the times of de- 
scribing them (/rinctpia, Sec. I1., Prop. 1). 

This is a generalization of Kepler’s Second Law. 

(2) That if a body revolves in an ellipse, the law of force 
tending to the focus varies inversely as the square of the distance. 
(Principia, Sec. III., Prop. 11). 

(3) Conversely if a body be projected at a given distance 
from a centre of force, which varies as the inverse square of the 
distance, and in a direction making a finite angle with the dis- 
tance, it will describe an ellipse, a hyperbola or a parabola. 
(Principia, Sec. II1., Prop. 18, Cor. ). 

(4) That if a body revolves in an ellipse round a centre of 
force in the focus, the squares of the periodic times in all ellipses 
described round the same centre of force in the focus are as the 
cubes of the major axes. (Principia, Sec. III., Prop. 15). 

This is a generalization of Kepler's Third Law. 

Let us understand clearly in this regard what Newton accom- 
plished. Kepler discovered the truth of his theorems by laborious 


and multitudinous calculations from previous observations. There 


is no record of any astronomical observation that Newton ever 


q 
: 
q 
4 
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made. Kepler built up his propositions by a process of induction. 
Newton reached hisconclusions by deduction. Kepler labored at 
his work with unparalleled industry for years. Newton reached 
his results rapidly, basing them on the principles of his wonder- 
ful calculus. The four theorems I have quoted above occupy 


less than four printed pages in his Principia. Kepler's work- 


shop was in the sky, and his tools quadrants and sextants.’ 


Newton's was in his study, and his tools a pencil and paper. 
Kepler needed his eyes. Newton could have reached his results 
if he had been as blind as Milton—an equally great genius in 
another kind of magnum opus. Kepler proved that tiings were. 
Newton proved that these results had to be, and if they were 
not, then mathematics was an aggregation of monstrous absurd- 
ities. But more than that, Kepler with all his industry and all 
his sagacity failed to discover the law that governed the universe, 
or in other words the law of gravitation, that the force govern- 
ing the planetary and astral systems was one varying directly as 
the mass and inversely as the square of the distance. But New- 
ton discovered it. (See /rincipia, Sec. III., Prop. 11). 

Before Newton other scientists had suggested or suspected 
the existence of this law of gravity. In January, 1684, Sir 
Christopher Wren, Halley and Hooke discussed the law of 
gravity, and although probably they all agreed to the truth of 
the law of the inverse square, yet it was not established. Hooke 
professed to have a solution of the problem of the path of a body 
moving round a centre of force attracting as the inverse square 
of the distance ; but although Hooke promised to show his solu- 
tion to Wren, he failed to do it, and Halley started off in August, 
1684, to consult Newton on the subject. He did not mention 
the speculations which had been made, but he asked Newton 
what would be the orbit described by a planet round the sun, 
assuming that the sun’s force diminished as the square of the 
distance. Newton replied promptly ‘‘an ellipse.’’ Halley 
asked him the reason, and he replied,— ‘‘ I have calculated it.’’ 
He could not, however, find his calculation, but promised to 
reproduce it and send it to Halley, which he afterwards did, and 
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thus at last the secret of the physical government cf the universe 
was out. In February, 1685, he sent to the Royal Society a 
treatise consisting of 24 octavo pages entitled De Motu, which 
was the germ of Philosophie Naturalis Principia Mathematica, 
commonly known as the Principia. In due time the whole 
manuscript appeared, and on the 2nd of June, 1656, the Royal 
Society ordered ‘‘that Mr. Newton’s book be printed.’’ But 
here arose a difficulty, for it appeared that the Roval Society 
had not sufficient money to pay the printer, or was unwilling to 
risk the venture. Whereupon his friend Halley, although poor 
in pocket, but rich in intellect as most scientists are, provided 
the money, and the greatest Treatise on Natural Philosophy was 
given to the world. ‘The nobility and gentry who then composed 
the Royal Society declined to take any chances, fearing that this 
manuscript of Mr. Newton's might land them into a serious 
debt, For this generous act the world of intellect owes Halley a 
great debt of gratitude, far more, indeed, than the discovery and 
calculations regarding the famous comet. 

The original manuscript of the Principia is now in the 
possession of the Royal Society, and dropping the veil over its 
former financial scepticism, it regards this as the most precious 
of its archives. The publication of the /’vincipia caused a great 
excitement in Europe. Many of the most skilful mathematicians, 
who studied it, could not at once fathom its depths or follow its 
intricacies. The whole edition was very soon sold. In all great 
discoveries there is often a little bitter-sweet, and this was exem- 
iplified more than once in Newton’s life. The originality of bis 
nvention of Fluxions was challenged by Leibnitz, and thence 
arose a fierce controversy. We are too apt to regard great men 
of the order of Newton and Leibnitz and Hooke as exempt from 
the common infirmities of human nature, and to bow down to 
them as demigods, rather than admire them as sages. But it is 
not so, and we feel disappointed at the discovery that after all 
they are men of like passions as we ourselves are. Newton was, 


however, generous, and in order to soothe asperities. which 
arose from claims made by Hooke that he had anticipated New- 
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ton’s discovery ot the law of the inverse square of the distance, 
he wrote to Halley,—‘‘ And now having sincerely told you the 
case between Mr. Hooke and me, I hope I shall be free for the 
future from the prejudice of his letters. I have considered how 
best to compose the present dispute, and I think it may be done 
by the enclosed scholium to the Fourth Proposition.’’ This 
scholium was — ‘‘ The inverse law of gravity holds in all the 
celestial motions, as was discovered also independently by my 
countrymen Wren, Hooke and Halley.’’ That may have been 
true in a certain sense, but it must be remembered that these 
countrymen ’’ had only barely suggested the law but had 
given no reason or proof of it. 

I cannot forebear at this point quoting some eloquent 
passages from that classic Sir David Brewster’s Life of Newton. 

‘<The Principia will be memorable not only in the annals of 
one science or of one country, but it will form an epoch in the 
history of the world, and will ever be regarded as the brightest 
page in the records of human reason,—a work, may we not add, 
which would be read with delight in every planet of our system, 
—in every system of the universe. What a glorious privilege 
was it to have been the author of the Principia! There was but 
one earth upon whose form and tides and movements the phil- 
osopher could exercise his genius,—--one moon, whose perturba- 
tions and inequalities and actions he could study,——-one sun, 
whose controlling force and apparent motions he could calculate 
and determine,——-one system of planets, whose mutual disturb- 
ances could tax his highest reason,--one system of comets, 
whose eccentric paths he could explore and rectify,-—and one 
universe of stars, to whose binary and multiple combinations he 
could extend the law of terrestial gravity. To have been the 
chosen sage summoned to the study of that earth, these systems, 
and that universe ; the favored lawgiver to worlds unnumbered, 
the high-priest in the temple of boundless space, was a privilege 
that could be granted but to one member of the human family ; 


and to have executed the task was an achievement which in its 


magnitude can be measured only by the infinite in space, and in 
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the duration of the triumph by the infinite in time. That Sage, 
that Lawgiver, that High-Priest was Newton.”’ 

Newton sought to extend to the universe the law of gravita- 
tion by considering the orbit of the moon, and so test the univer- 
sality of his discovery. He observed the distance through which 
a body would fall in one second of time on the earth's surface to 
be 16°71 feet, and as the moon was 60 times as far from the earth 
as the radius of the earth, it must follow that the distance of the 
moon a free body would fall towards the earth a distance of 
16°1/60? in one second of time, which is ‘00447 feet. If the 
moon had not a certain motion of its own in the direction of the 
tangent to its orbit, the moon would travel straight to the earth 
travelling a distance of ‘00447 feet in the first second. But the 
moon has a tangential motion of its own given to it in some 
remote age and by some power, which we need not now attempt 
to consider. 

The attraction of the earth, however, operates on the moon, 
and draws it every second of time into a curve concave to the 
earth, and the question to be considered is, What is the distance 


of that earth-pull in one second of time? 


The accompanying figure represents the orbit of the moon, 
Af, round theearth, & J/7D is the tangent along which the 
moon would move if the earth did not attract it. The angle 


DIAGRAM TO ILLUSTRATE THE MOTION OF THE MOON 


i 
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Jk D is necessarily exaggerated. But on account of the 
earth's attraction the moon describes the curve J/ C, and there- 
fore in one second the moon is at Cand not at D. The problem 
is to measure the distance C )), which represents the pull of the 
earth on the moon in one second of time, or in other words the 


distance that the moon falls to the earth in one second of time. 
‘The moon in one second describes an angle 


360° bout 
= abou 
271%3 24 x 6U x 6U 
The angle 47 / Pisw. During this time the approach to 
the earth 60 x 4000 x 5280 x vers. » foot, 
60 x 4000 x 5280 x 2 x 
(27'3 «x 24 x 60 x 60)?’ 
3 x 3 x 60 x 4000 x 5280 x 2 x 22 x 22 
S82 x 82 x 24 x 24 GU XK 60 6U x 60 x 7 x 7’ 
which, on cancelling out common factors, 


x 4 x 1482642 


which is the same result obtained before. 


It is to be noted that Newton in 1665 attempted this calcula- 
tion but the result did not agree with the observed force of gravity 
on the earth, and so he gave the problem up, and doubted 
the universal applicability of the law of the inverse square 
of the distance, and so continued his brooding. He had been, 
however, proceeding upon erroneous data of the earth’s diameter, 
and nineteen years thereafter, being 1684, having been supplied 
with a more accurate measurement of the earth’s diameter by 
Picard, he looked up his old papers and made fresh calculations. 
As they drew to a close he observed that the figures were shaping 
themselves to prove the truth of his theory, and it is recorded 
that he became so agitated that he asked a friend to finish the 
calculation. 

His great work consists of three books. ‘The first and 


second, which occupy three quarters of the work, are entitled 


4 
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‘*On the Motion of Bodies.’’ The first treating of their motions 
in free space, and the second of their motions in a resisting 
medium. The third bears the title ‘‘On the System of the 
World,’’ and consists of five sections :— 


(1) On the Causes of the System of the World. 
(2) On the Quantity of Lunar Errors. 

(3) On the Quantity of the Tides. 

(4) On the Precession of the Equinoxes. 


(0) On Comets. 


It concludes with a general scholium containing reflections 
on the constitution of the universe, and on the ‘* Eternal Infinite 
and Perfect Being’’ by whom it is governed. Its argument was 
by no means readily understood by the great scientists of his day, 
and I well know with what difficulty university medallists 
touched even the fringe of its garments. 

There is extant a curious letter written by Newton to the 
great scholar and critic, Dr. Richard Bentley, Master of Trinity 
College. It is dated in July, 1691, and consisted of directions to 

Jentley respecting the books necessary to be read before study- 
ing the Principia. Some of the passages are as follows: ‘' Next 
after reading Euclid’s -A/ements, the Elements of ye Cenic sec- 
tions are to be understood. And for this end vou mav read the 
first part of ve “lementa Curvarum, of John De Witt. For 
Algebra read first Bartholius’ /x/roduction, and then peruse such 
problems as you will find scattered up and down in ve Comment- 
aries on Cartes’ Geometry and other algebraical writings of Francis 
Schooten. ° For Astronomy read first ye short account of ye 
Coppernican System in the end of Gassendus’ Astronomy. These 
are sufficient for understanding my work, but if you can procure 
Hugenius’ /orologium Oscillatorium the perusal of that will make 
you much more ready. At ye first perusal of my book it’s 
enough if you understand ye Propositions with some of ye 


demonstrations that are easier than the rest. For when ye 


understand ve easier, they will afterwards give you light into ve 
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harder. When you have read ye first 60 pages pass to ye Third 

390k, and when you see the design of that you may turn back 
to such propositions as you shall have a desire to know, or peruse 
the whole in order if you think fit.’’ 

Newton had no satisfactory theory as to the genesis of the 
solar system or astral systems. So far as I can understand from 
his letters to Dr. Pentley, he thought the orbs were completed 
aud propelled by some extraneous force, possibly the Almighty 
hand, and by the attracting centre were wheeled into ellipses, 
The later hypotheses such as the Nebular or Planetesimal or 
Meteoritic or any modification or adaptation of these had not 
occurred to his wonderful intellect. It was not until 1796, sixty- 
nine years aft™? Newton's death, that Laplace, who was called 
the ‘‘ Newton of France’’ advanced his celebrated and much 
debated theory. Sir David Brewster, Newton’s distinguished 
biographer, speaking of these letters, remarks,— ‘‘ They show 
that the Nebular Hypothesis, the dull and dangerous heresy of 
of the age, is incompatible with the established laws of the 
material universe, and that an omnipotent arm was required to 
give the planets their positions and motions in space, and a pre- 
siding intelligence to assign to them the different functions they 
had to perform.’’ With profound respect to this justly cele- 
brated biographer I venture a cavea/ on his conclusions. I am 
not now prepared to spend time on any proof of the Nebular 
Theory, but I dare affirm that it is not incompatible with divine 
omnipotence or divine intelligence—nay, rather it illustrates 
them. If gravitation is a law of the Creator, and that is ad- 
mitted, the laws of the same Creator may work out the moulding 
and construction of worlds quite harmoniously with a_ well 
ordered and divinely created universe. A wisdom that can con- 
struct a huge machine, which, by natural processes, can con- 
struct from itself smaller machines with their own revolutions 
and orbits, is, I venture to think, at least equal to a power that 
drastically and dramatically hurls great orbs into space ready 


made to find their own orbits and revolutions. Cohesion and 


gravitation are not only great natural laws, they are even more 
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truly the strong right hand of God which holds each atom in the 
universe in its own appointed place and time. 

Our philosopher was more than a personified calculus, he 
held himself in no orbit cabined and cribbed by mathematical 
formulze, for he has left on record views which reach far bevond 
the clouds, on problems which have interested and inspired the 
intellectual strivings of men far his inferiors. His mathematical 
gifts were subordinated to religious meditations, which bright- 
ened and uplifted them. 

For example upon the universal and not fruitless snecula- 
tion as to the habitability of other worlds he has left this record. 
‘* For in God’s house (which is the universe) are many mansions, 
and He governs them by agents which can pass through the 
heavens from one mansion to another. Vor if all places to which 
we have access are filled with living creatures, why should all 
these immense spaces of the heavens above the clouds be incap- 
able of inhabitants.”’ 


Some lines from Tennyson are appropriate in this connec- 
tion : 
* And this within thy mind rehearse, 
That, in a boundless Universe, 
Is boundless better boundless worse. 
Think’st thou this mould of hopes and fears 
Can find no statelier than his peers 


In yonder hundred millions spheres ? 


Newton, as might be expected, was of an intensely religious 
temperament and conviction, and in a letter to his friend, Dr. 
Bentley, he says that in writing the Third Book of the Principia 
he had an eye upon such principles as might work with consid- 
ering men for the belief of a Deity, and he expresses his happi- 
ness that it has been found useful for that purpose. ‘‘ But if I 
have done,’ he adds “‘ the public any service this way, it is due 
to nothing but industry and patient thought.’’ Here spoke out 
the real greatness of one of the greatest souls in the world, his 


greatness consisted in his great humility. He bowed his massive 


intellect to another great philosopher, Him of Bethlehem, who 
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when he was asked,—‘‘ Who is the greatest in the kingdom of 
heaven ?”’ answered by setting a little child ‘‘in the midst of 
them ’’ and said,—‘‘ Whosoever, therefore, shall humble himself 
as this little child, the same is greatest in the kingdom of heaven.”’ 
This reflection suggests to me a beautiful story of Newton in his 
old age, which I would fain take as proved without demonstra- 
tion. I have given up the apple story and the cat-and-dog story, 
but this one I fondly, if not logically, hold to. When in a com- 
pany of friends, who surrounded him affectionately and even 
worshipfully in his declining years, some one ventured to com- 
pliment him on his outstanding pre-eminence as a man of science, 
and spoke of the wonderful discoveries he had made; he gently 
said, ‘‘ Nay not so, for indeed I am only as a little child wander- 
ing along the seashore, and picking up here and there some 
pebble or shining shell, while the vast undiscovered but not un- 
discoverable ocean of Truth lies before me.’’ 

Let us speak of Newton in other connections. While he 
was engaged in writing the Prinxcifia a very important event 
occurred at Cambridge, which hurried the philosopher out of his 
study and set him before the public eye in a new light. James 
II., of not very fragrant memory, in his wild effort to establish 
Roman Catholicism issued a Mandate directing that Father 
Alban Francis, a Benedictine Monk, should be admitted as a 
Master of Arts of the University of Cambridge without taking 
the oaths of allegiance andsupremacy. This was fiercely resisted 
and Newton was appointed by the Senate as one of eight deputies 
to oppose this act of royal tyranny before a High Commission 
Court at Westminster. ‘The infamous Judge Jeffrevs (he of the 
Bloody Assize) presided, and he let loose his insolence at the 
Vice-Chancellor, who ventured to argue the question, and then 
ordered the rest of them out of Court, and closed a fierce snarl- 
ing address with the following specimen of oratory,—'‘ There- 
fore I shall say to you what the Scripture says, and rather 
- because most of you are divines, ‘Go your way and sin no more, 
lest a worse thing come upon you.’*’ Under his rebuke and in 


front of such a judge, the most infamous that ever sat on a Brit- 
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ish Bench, stood the immortal author of the /yincifia, who had 
risen from investigating the secrets of creation to defend the 
religion which he professed and the University which he loved 
and adorned. It was a man of imperishable fame before a 
creature of imperishable infamy, a faithful fighter before a 
judicial beast of the jungle. The bloody judge that day won 
out, and Right was wounded but not killed, for in the end Right 
prevailed. ‘That day the battle was lost, but not long thereafter 
the campaign was won. Good is the final goal of ill, and the 
active part which Newton took in defending the legal privileges 
of the University against the encroachments of the Crown added 
to his scientific reputation, procured for him the election toa 
seat in Parliament as a representative of the University of 
Cambridge. 

In 1714 the question of calculating the longitude of a vessel 
at sea, as one of the most imporctant questions involving the 
commercial supremacy at sea, came before Parliament, and New- 
ton gave evidence, criticizing the means then commonly prac- 
ticed. It was mainly upon his views that an act was passed to 
settle a reward ‘‘upon such person as shall discover a more 
certain and practicable method of ascertaining longitude than 
any yet in practice.’’ 

In 1669, Newton became [ucasian Professor of Mathematics 
at Cambridge, and held the position for thirty-two years. In 
1699 he was appointed to the influential and lucrative position of 
Master of the Mint, for which his chemical and mathematical 
knowledge specially fitted him. 

He was a very popular visitor at the Court of George I., 
and was much honored by the Princess of Wales, afterwards 
Queen Caroline, wife of George II. In 1705 he was knighted 
by Queen Anne. 

In 1703 he was elected President of the Royal Society, and 
was annually re-elected during the remaining twenty-five years 


of his life, having held the office for a longer time than any of 


his predecessors, and longer too than any of his successors, 
excepting Sir Joseph Banks. 
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Honors were showered upon him by European Universities 
aud Academies, who esteemed it an honor to rank him among 
their Fellows or Graduates. j 

Newton wrote many theological tracts, and had definitely 
strong beliefs not only in doctrine, but he was iso filled with the 
spirit of Truth that he was often consulted by his friends about 
their spiritual state. He cherished the great principles of 
religious toleration, and preserved a broad understanding on all 
matters of personal faith. Immorality and impiety were to him 
abhorrent. When Dr. Halley ventured to say anything dis- 
respectful of religion he invariably cut him short with the remark, 
—'‘'] have studied these things, you have not.’’ 

The mighty spirit of this truly great man passed away in the 
eighty-fifth year of his life. The measure of his life was full, 
and his body resigned to heaven its occupant, His remains lay 
in the Jerusalem Chamber and were buried in Westminster 
Abbey. 

The Lord High Chancellor with earls and dukes followed 
him to the tomb. The proudest men in England, the learned 
and lofty were there, and noblemen doffed their coronets before 
this prince of the intellectuals. A splendid monument marks 
his resting place. A figure of Astronomy as Queen of the 
Sciences sits on a Globe weeping with a sceptre in her hand, and 


a star surmounts the summit of a pyramid. Andon the monu- 


ment is inscribed an epitaph in the Latin language, which ren- 
dered into English reads : 


3 


174 The Greatest Mathematicat Philosopher 


Here lies 
Sir Isaac Newton, Knight, 
Who, by a vigour of mind almost supernatural, 
First demonstrated 
The Motions and Figures of the Planets, 
The Paths of the Comets, and the Tides of the Ocean. 
He diligently investigated 
The different refrangibilities of the Rays of Light, 
And the properties of the Colours to which they give rise. 
An Assiduous, Sagacious, and Faithful Interpreter 
of Nature, Antiquity and the Holy Scriptures, 

He asserted in his Philosophy the Majesty of God, 
And exhibited in his Conduct the simplicity of the Gospel. 
Let Mortals rejoice 
That there has existed such and so great 
AN ORNAMENT OF THE HUMAN RACE. 


3orn 25th December, 1642, Died 20th March, 1727. 


The tribute of Pope, the poet, was eloquent ; he wished for 
some memoirs and character of Newton as a private man, ‘‘ for 
no doubt his life and manners would make as great a discovery 
of virtue and goodness and rectitude of heart, as his works 
have done of penetration, and the utmost stretch of human 
knowledge.’’ 

And so passed Isaac Newton, appointed by God on the 25th 
day of December, 1642, to solve the problem of the relation 
between material worlds; and on that 20th day of March, 1727 


he solved, as all will solve, the greater problem of the relation 


between the material and spiritual worlds, which indeed is far 
beyond all human calculus. 


A NEW FORM OF CLOCK SYNCHRONIZER 
By F. L. BLAkE AND W. E. W. JACKSON 


N this JouRNAL, Vol, VII., No. 4, a form of clock synchron- 
ization, which had been devised to meet the needs of the 
time service in the Dominion Observatory, at Ottawa, was 
described by R. M. Stewart. A system of this form was installed 
in connection with the time service in the Meteorological Observ- 
atory, Toronto, and has been found to work very satisfactorily. 

It occurred to those in charge of the work of the time ser- 
vice at Toronto that a simpler form might be devised in which 
the current generated in a Magneto clock could be utilized in 
place of a local battery, and that the number of armatures, 5 of 
which are necessary in Stewart’s form, could be reduced, and 
also that the sparking at contact points could be overcome. The 
system described below is the result of our experiments. 

Diagram 1 indicates the electrical connections. A is the 
master clock, in which the tongue operated by the pendulum 
rests on the points 1 and 2 on alternate seconds. is the Mag- 
neto circuit in which an instantaneous current is generated that 
flows in opposite directions each alternate minute. C is a differ- 
entially wound, neutrally adjusted, polar relay. The contact 
points on the tongue have a rubbing contact which keeps the 
circuit closed through the tongue for the duration of the current 
generated by the Magneto. 

If the master clock on the 59th second of any minute has 
the circuit closed at 1 when the Magneto beat occurs, then the 
Magneto clock is fast and if the weight is on the platform, 
‘(which is attached to the pendulum of the Magneto clock near 


the point of suspension thus insuring the use of a smaller weight 


and less motion of the lifting arm to clear the platform), then 


the circuit will be completed through the point 5 and if the cur- 
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rent is positive the weight will be removed and so long after as 
the Magneto clock remains fast the weight will remain off as the 
circuit is then broken at 3. Had the current been negative, 
which occurs at alternate minutes, the weight would have re- 
mained on for an extra minute but on the next beat would have 
been removed. As soon as the Magneto clock gets slow the 
contact in the gnaster clock will be made at 2 on the 60th second 
and then as the contact in the synchronizer is made at 4 the 
reverse operation will take place, and the weight will be placed 


on the platform again and so speed up the Magneto clock. 


DIAGRAM I. 


ELECTRICAL CONNECTIONS FOR SYNCHRONISM. 


The same system can be used between two ordinary seconds 
clocks by providing in the one to be synchronized an instan- 
taneous contact once a minute with local battery in place of Mag- 
neto current. In this case, however, the current always being 
in the same direction, the operation of raising or lowering the 
weight will take place on the first minute after the clock has 
crossed the exact point of unison with the master clock. 

If it is desired to use a Magneto clock as a master, the ordin- 
ary seconds clock may be synchronized by means of the above 


system, if the synchronizer is placed in the ordinary clock in an 


inverted position. 
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The clock to be synchronized should be first rated to run 
approximately correct with a weight on the platform equal to 
about one-half the synchronizing weight which is made large 
enough to take care of about 10 seconds a day. Any interrup- 
tion to the wires will not interfere with the running of the syn- 
chronized clock, and so long as the error accumulated does not 
exceed one second the resumption of service on the wires will at 
once set the weight to correct the error. 

The form of contact used in the master clock is shown in 
Diagram 2, in which an /-shaped lever is pivoted at .Vand placed 


in such a position in relation to the movement of the pendulum 


DIAGRAM 2. 


MASTER CLOCK CONTACT. 


as to cause an arm attached to the pendulum rod ata point ? to 
come in contact with the upper extension of the lever at the 
commencement of odd seconds, thus lifting the lower horizontal 
arm of the lever as the pendulum swings to the left, and making 
a contact at point 1 for the duration of the odd second. On the 
return swing to the right at the commencement of the even 
second the lever falls on contact point 2, remaining there for the 
full length of the even second. 
METEOROLOGICAL OFFICE, TORONTO,| 
March, 1917 
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REAL PATHS OF BRIGHT METEORS SEEN IN 1916 
By W. F. DENNING 


Sle following table includes the real paths of 20 meteors 

selected from a list of 75 doubly observed during the year 
1916. Some of the objects were of very interesting character 
and include 4 a Capricornids and 3 Perseids. The former shower 
was quite a conspicuous display during the last week in July. 
Large fireballs were seen on May 20, August 7, October 3 and 
20. Many other large meteors were seen during the vear but 
not with sufficient accuracy and fulness to enable reliable com- 
putations to be made. As usual in recent years, Mrs. Wilson 
has been very successful in observing meteors and it is mainly 


through her untiring efforts that so many real paths have been 
computed. 
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REVIEW OF PUBLICATION 


Investigations of Gravity and [sostasy, by Wm. Bowie. Special 
Publication No. 40, United States Coast and Geodetic Survey. 


196 pages, 9 figures and 9 maps. Washington, D. C., 1917. 


In this latest publication of the U.S. Coast and Geodetic 
Survey on the subject of gravity are given results of further 
study of the relation between gravity and ‘sostasy. In it are 
embodied gravity data from previous Coast and Geodetic Survey 
publications of 1909 and 1912. In all are included observations 
from 219 United States stations, 42 Canadian stations, 72 India 
stations and 40 other stations, principally in Europe. 

The main features of the report are : 

1. The observed value of the intensity of gravity at stations 
in the United States, Canada, India and Europe. 

2. Discussion of the relations between gravity anomalies 
and the topography. 

3. The determination of the gravity equation, the earth’s 
flattening and the depth of compensation. 

To understand fully the results obtained, it will be necessary 
to first know clearly the meaning of isostasy and isostatic com- 
pensation, and with that object in view will be given Mr. Bowie’s 
treatment as outlined on p. 7. 

IsosTASyY DEFINED 

If the earth were composed of homogeneous material, its 
figure of equilibrium, under the influence of gravitation and its 
own rotation, would be an ellipsoid of revolution. The earth is 


composed of heterogeneous material which varies considerably in 


density. If this heterogeneous material were so arranged that 
its density at any point depended simply upon the depth of that 
point below the surface, or more accurately, if all the material 
lying at each equipotential surface (rotation considered) were of 
one density, a state of equilibrim would exist, and there would 
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be no tendency toward a re-arrangement of masses. The figure 
of the earth in this case would be a very close approximation to 
an ellipsoid of revolution. 

If the heterogeneous material composing the earth were not 
arranged in this manner at the outset, the stresses produced by 
gravity would tend to bring about such an arrangement; but as 
the material is not a perfect fluid since it possesses considerable 
viscosity, at least near the surface, the re-arrangement will be 
imperfect. In the partial re-arrangement some stresses will still 
remain, different portions of the same horizontal stratum may 
have somewhat different densities, and the actual surface of the 
earth will be a slight departure from the ellipsoid of revolution 
in the sense that above each region of deficient density there will 
be a bulge or lump on the ellipsoid, and above each region of 
excessive density there will be a hollow, relatively speaking. 
The lumps on the supposed earth will be the mountains,’ the 
plateaus, the continents, and the bollows will be the oceans. 
The excess of material represented by that portion of the contin- 
ent which is above sea level will be compensated for by a defici- 
ency of density in the underlying material. The continents wll 
be floated, so to speak, because they are composed of relatively 
light material, and, similarly, the floor of the ocean will, on this 
supposed earth, be depressed because it is composed of unusually 
dense material. This particular condition of approximate 
equilibrium has been given the name ‘* Isostasy.’”’ 

The adjustment of the material toward this condition, which 
is produced in nature by the stresses due to gravity, may be called 
the ‘‘ isostatic adjustment.’’ 

The adjustment of the excess of matter at the surface (con- 
tinents) by the deficiency of density below, and of surface defici- 
ency of matter (oceans) by excess of density below, may be 
called isostatic compensation. 

Let the depth below sea level within which the isgstatic 
compensation is complete be called the ‘* depth of compensation.”’ 
At and below this depth the condition as to stress of any element 
of mass is isostatic; that is, any element of mass is subject to 
equal pressures from all directions as if it were a portion of a per- 
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fect fluid. Above this depth, on the other hand, each element of 


mass is subject in general to different pressures in different direc- 
tions—to stresses which tend to distort and to move it. 

The theoretical value (in dvnes) of gravity at sea level was 
computed by Helmert’s formula of 1901 for the Potsdam system 
978°030 (1 + O°005302 sin? sin? 2 4 
Ihe correction in dynes for the elevation of station was computed 
by the formula — /7, In 

metres 


which //7 is the elevation in 


The corrections for topography and compensation were com- 
puted with reduction tables previously given in the 1909 publica- 


tion. These tables were based upon the assumption that ata 
depth of 115°7 km. there was perfect isostatic adjustment. 

In special publication No. 12 of the Coast and Geodetic Sur 
vey from observations in the United States there was derived the 
following equation for gravity at any latitude 

¥ (1 + 0005302 sin? — 
and from an examination of the anomalies the probable depth of 
compensation was assumed to be 114°7 km. 

As a result of further study in this special publication No. 
40, the deduced equation for gravity in the United States is 

978°039 (1 + 0°005294 sin? @ + sin? 2 ¢), 
and from acomparison of the anomalies, assuming different depths 
for isostatic compensation, the most probable depth seems to be 
about 96 km. 

The question of a relation between gravity and geological 
formation is also discussed at length, the conclusion arrived at 
being that the pre-Cambrian and Mesozoic areas have in general 
positive anomalies and that the Paleozoic and Cenozoic areas 
have a strong tendency to negative anomalies. 

The author also discusses the agreement between the data 
from gravity observations, and data from deflection of the plumb 
line, and finds in general the results are in accord. 

In a brief review, it is impossible to deal exhaustively with 
this splendid publication, but it isso written that it forms an excel- 
lent text book for the study of the important subject of ‘‘Isostasy.’ 

DOMINION OBSERVATORY, F. A. McDI\RMID. 

OrTrawa, CANADA, 


March, 1917. 
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NOTES FROM THE METEOROLOGICAL SERVICE 


SUMMARY REPORT OF THE WEATHER IN CANADA 
MARCH, 
Temperalture—The temperature was below the average in 
Brit’sh Columbia, also in the very extreme southern portion of 
Alberta, and in the extreme southwestern portion of Saskatch- 
ewan and in Ontario from a line drawn southwards from the 
western shores of James Bay to the western half of Lake Erie, 
also in the extreme southeastern portion of Ontario, and through- 
out the Maritime Provinces, except in the northern portion of 
New Brunswick. Elsewhere in the Dominion it was above the 
average. The chief negative departures occurred in British 
Columbia and varied from 3° to 5°, whereas the chief positive 
departures were recorded in the northern portions of Saskatch- 
ewan and Manitoba, and in certain districts in Ontario varying 
from 3° to 6° and 3° to 5° respectively. 


Precipitation and Depth of Snow on the Ground.—The pre 
cipitation was above the average amount over Ontario and in 
Northern British Columbia, elsewhere in the Dominion there was 
not as much as usual. The excess was quite marked in Ontario 
with a very heavy snowfall in the Temiskaming District, on the 
other hand the deficiency was pronounced over the greater por- 
tion of the Maritime Provinces and more locally in Quebec, 

At the close of the month the snow still lay deep on the 
ground in Northern British Columbia. Inthe Western Provinces 
it varied from 8 inches in the Qu’Appelle Valley to 9 and 15 
inches respectively in the northern portions of Manitoba and 
Saskatchewan. On the northern shore of Lake Superior and in 
Temiskaming, it was from 30 to 52 inches deep. In Eastern 
Quebec from 20 to 42 inches, while in Northern New Brunswick 
the covering was 6 inches. 
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STATION 


Vukon 
Dawson 
British Columbia 
Atlin 
Agassiz 
Barkerville 
Kamloops 


New Westminster 


Prince Rupert 
Vancouver 
Victoria 


Western Provinces 
Battleford 
Calgary 
Edmonton 
Medicine Hat 
Minnedosa 
Moose 
Oakbank 
Prince Albert 
Qu’ Appelle 
Regina 
Saskatoon 
Souris 
Switt Current 


Winnipeg 


Oniarto 
Agincourt 
Aurora 
Bancrolt 
Barrie 
Beatrice 
Bloombeld 
Branutiord 
Chapleau 
Chatham 
Clinton 
Collingwood 

Cottam 

Georgetown 

Goderich 

Grimsby 

Guelph 

Haliburton 

Huntsville 


The Weather in Canada 


TEMPERATURE FOR MARCH, 1917 


March 


STATION 
Highest Lowest 


Kenora 
30 24 Kinmount 

Kingston 

Kitchener 


56 12 London 
4o > Lucknow 
53 2 Markdale 
54 20 North Gower 
<0 2 Oshawa 
24 Ottawa 
50 30 Paris 
Parry Sound 
Peterboro’ 
Port Arthur 
41 
ort Dover 
10 Pp } 
3 ‘ ort Stanley 
(Queensborough 
/ << > 
=6 24 Ronville 
5 2 
Southampton 
43 ~30 : 
26 Stoneclitte 
3 
Stony Creek 
44 32 se i 
Toronto 
Uxbridge 
39 40 
Wallaceburg 
3 
Welland 
44 3! White Rj 
14 32 lite \lver 
40 =4 
Brome 
54 2 Father Point 
590 2 Montreal 
54 12 Quebec 
60 I Sherbrooke 
53 5 
35 5 Varitime Province 
34 Charlottetown 
07 ; Chatham 
50 Dalhousie 
65 6 Fredericton 
Halifax 
64 4 Moneton 
St. John 
67 ; Sussex 
65 3 Sydney 
sh 1S Yarmouth 
| 


March 
Highest Lowest 
40 -27 
50 IS 
53 4 | 
16) 8) I 
67 -10 
62 9 
59 2 
56 5 
45 10 i 
53 6 
65 5 
55 4 
O4 2 
40 16 
7 60 2 
50 13 | 
60 10 
53 =$3 
63 
52 16 
79° } 
63 7 | 
50 
oS 2 
os 3 
34 45 
7 
& 10 
0) 
5 
= 5 
45 6 i 
55 ~10 
6 } 
3 
- 2 
6 
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EARTHQUAKE RECORDS BY THE MILNE SEISMOGRAPH 


TORONTO 


SIR FREDERIC STUPART, DIRECTOR. 


?.T. = Preliminary Tremors, S. =Secondary Waves. L.W. = Large Waves. A.C. 


=Air Carrents. Time is Greenwich Civil Mean Time, 0 or 24 h = midnight, 
No. Date P.T. S. Comm. L.W. Max. End | Max. Remarks 
1917 Comm. Comm. Amp. 
h m h m h m h m h m mm. | 
> 10 20% 10 ) » iP. a 
1688 Mar. 3 10 44°5 and S. not 
10 29°g 10 34°55 [recorded 
3} 10°O } | 
16389 6 4 44°S?| 1°2 
3 
0 37°§ O4y'd | 59°3 Bein. 2 25°O 0°S [ually increased 
{from L.W.toM. 
16 10 42°0 10 44°6 10 50°O | 
1692) ** 26 141774 | 14 27°0| 0°2 
} | 
16093 2 | 2 25°97 2 30°3 | 2 31°3 2 59 
| 
| 
Period of boom 18 seconds. Pillar inclination tmm. 0”*50 
VICTORIA, B. C. 
F. N. DENISON, SUPERINTENDENT. 
: 
No. Date P. r. Ss. L.W End Max. ark 
1917 Comm. | Comm. Comm. Max. mp. Remarks 
h m Sjhmsihm s hm s | mm 
1708 Mar. 3 10 25.06 |10 42 27 10 §3 
1709} 6! 3 19 42? 3 23 107 327 38 | 33305 | 
«6% 09 32 43 (00 59 00 360 42)! o'2 
wit 10 §7 34° be Max. 
712 0 37? 20 < 0° part of long 
* 29! 2 33 27?| 2 2 38 §9 24153 257 45 
period 13 seconds. Pillar inclination tmim. 
VERTICAL SEISMOGRAPH 
Max. End Remarks 
Comm. Comm. , Comm. | Amp. 
h m sjh m sth m sth m sth m 5s ae 
Mar. 6 3 14 00 | 3 28 00 3 33 00 3 42 30 * 60 * True earth move- 


ment. 


Recent seismograph reports from Sitka would indicate that the large earth- 


quake of January 30th was centred in the Kamchatka region. 


J. Y. 
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MAGNETIC OBSERVATIONS 
FEBRUARY, 1917 


The photographic records of the Magnetic Force for the 
month of February, 1917, show very small departures from 
normal at both Agincourt and Meanook. One moderately large 
disturbance took place on the 15th and 16th, but the changes 
both in force and direction were very gradual at both Agincourt 
and Meanook. ‘The beginning was early in the morning of the 
15th, and the greatest departures from normal during the night 
of the 15th and early morning of the 16th 

A magnificent sun-spot group, 100,000 miles in length E. 
and W. by 25,000 miles in width, in Latitude 15 degrees S., was 
central on the sun’s disk on the 9th. Its general appearance 
was constantly changing during its passage across the sun's sur- 
face. Numerous small spots were aiso to be seen scattered over 
the sun’s disk throughout the month. 

Very few aurorce were recorded im Canada. One of the Ist 
Class was seen on the 17th, and less brilliant ones from the 15th 
to the 23rd. 


AGINCOURT MAGNETIC OBSERVATIONS 


Lat. 43° 47° N.; Long. 79° 16’ W. 


February, 1917 D. West HH I 
Mean of Month 6 35°4 15962 58496 74 44°2 
Maximum 6 53°6 16056 58500 
Date of Maximum 15 15 15 
Minimum 6 04°6 15554 59455 
Date of Minimum 15 15 20 
Monthly Range 49°0 152 105 

Mean Daily From hourly readings 9°7 36 

Amplitude ¢ From means of extremes 17°38 65 20 

Hand Z are given in Gammas. (1) o-oocor C.G.S.). 


All results are reduced to [.M.S. 
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MEANOOK MAGNETIC OBSERVATIONS 
Lat. 54° 37’ N.; Long. 113° 21’ W. 
February, 1917 D. Fast I 
| = 
‘ 
Mean of Month 27 50°0 77 559 
Maximum 29 O1°2 
Date 15 
Minimum 27 06°9 
Date 17 
Monthly Range I §4°3 
Mean Daily ¢ From hourly readings 7°9 
Amplitude ¢ From means of extremes 30°S 
t Pie value for I is the mean of all the observations made during the mont 
without regard to the time of day. 
All results are reduced to International Magnetic Standard. 
W. E. W. J. 
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ASTRONOMICAL NOTES 


THE DISTRIBUTION OF STARS WITH RESPECT TO THE 
GALACTIC PLANE.—A significant feature of the distribution of 
stars over the face of the sky is their concentration toward the 
plane of the Galaxy. Approaching the Milky Way from either 
side, we find that objects of all degrees of brightness become more 
and more numerous; with decreasing galactic latitude, the star- 
density regularly increases and attains a maximum in the star 
clouds of the Milky Way itself, a fact long known and, as early 
as 1759, the basis of cosmological speculation by Thomas Wright, 
of Durham. The phenomenon was studied by both the Herschels, 
and more recently Seeliger, Celoria, Pickering, Kapteyn, and 
Chapman and Melotte, among others have given values of the 
stellar density ; and yet, from anumerical standpoint, the matter 
remains even now more or less an open question. 

A comparison of Mount Wilson with Chapman and Melotte 
for corresponding magnitudes might also have been made, but the 
conclusions which would have followed were obvious, for the 
large divergence shown in the seventh column of the table is little 
affected by differences in the limiting brightness. This divergence 
indicates that, as compared with both Kaptevn and Mount Wilson, 
their results are not homogeneous ; and noting, further, that the 
numerous and careful guages of the Herschels which extend to 
the 14th magnitude give a galactic condensation agreeing closely 
with Kapteyn (Herschel 12°9, Kapteyn 11, Chapman and Melotte 
3°9), one gains the impression that, through some unkown canse, 
their counts in the richer fields fail to include many of the fainter 
stars.— F. H. SEAkS, Mount Wilson Solar Observatory, in Com- 
munications to the National Academy of Sciences, No 43. 


EVIDENCE OF THE ABSENCE OF SCATTERING OF LIGHT IN 


Spacr.— The interest and importance attached to an accurate 
quantitative knowledge of the scattering of light in space, for all 
studies of the extent and character of the stellar universe, has 
been commented upon by various writers, particularly by Pro- 
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fessor Kapteyn. In the first communication of this series the 
matter was discussed briefly and evidence was presented showing 


that interstellar space, at least in the direction of the Hercules 
cluster, is free of the kind of light absorption that modifies the 


color of the siars. The generalization of this hypothesis into the 
conclusion that such light scattering is practically negligible in all 
parts of the sky awaits, first, the verification of the original obser- 
vational result; second, the confirmation of the proposed physical 
interpretation of such data; and finally, an investigation of the 
faint and most distant stars in a wide range of galactic latitudes 
and longitudes. The present note contains a further contribu- 
tion to the subject and permits a fairly definite solution. 
Assuming the observed colors to be reliable, the presence of 
negative color indicates two significant conditions, namely, the 
absence of light scattering, and the great distance and size of the 
cluster. There appears to be no adequate reason for modifying 
this adopted interpretation of the blue faint stars. The decrease 
in the intensity of light by terrestrial atmospheric scattering is 
known to vary inversely as the fourth power of the wave length. 
The dissipated atmospheres and meteoric dust, to whose agency 
spatial light attenuation is commonly ascribed, are recognized as 
similarly capable of the preferential scattering of blue light. 
Such a differential light absorption certainly would make all stars 
appear redder. The presence of very blue stars, therefore, 
points to the inefficiency of the light-scattering residue in space, 
provided the objects involved are sufficiently remote. As all 
studies of B-type stars (negative color indices) indicate a high 


absolute luminosity and relatively small dispersion around a 
mean value, such stars, when apparently faint, are an immediate 
and apparently reliable index of great distance, and distance is the 
most important factor in testing the scattering of light in space. 

‘The systematic increase of redness observed toward the cen- 
tre of the Hercules cluster may be interpreted as a spurious effect 
caused by the crowding of images on the photographic plate, or 
as a scattering of light in the denser portion of the cluster itself. 
The former is almost surely the true explanation. The possibil- 
ity, however, that the latter cause contributes, suggests that the 
absence of light absorption in the direction of the Hercules cluster 


does not imply an inappreciable absorption in the lower galactic 
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latitudes where stellar material apparently is much more concen- 
trated. Accordingly it becomes appropriate to investigate clusters 
in the Milky Way and the faint stars inthe galactic clouds, The 
presence of negative color indices, or a normal range of color, in 
such regions, assuming of course the distances to be great, will 
indicate the essentially complete transparency of space through- 
out the whole stellar system. 

The blueness of the faint and distant stars, thus shown to exist 
for numerous directions in space, may be accepted, therefore, as 
an indication of the general ineffectiveness of differential light 
scattering. This result also naturally implies the absence of all 
diminution of the intensity of light through the agency of inter- 
stellar media. 

The daily encounter of the earth with millions of meteors is 
frequently cited as evidence of the prevalence of highly efficient 
light-scattering and light-obstructing material throughout inter- 
stellar space. If, as seems likely, the meteoric dust, which is 
closely allied to the meteoric streams and comets, is a definite and 
original part of the solar system and is not cosmic in origin and 
motion, this argument loses its force; and whatever extinction 
of light such matter produces, either in the solar system or in 
immediate gravitational field of other stars, is wholly unimport- 
aut in its bearing on stellar distribution and distances. 

The estimates of the extent of the galactic system (including 
itsopen clusters), and the indications of the relatively greater 
distances of the globular clusters, are here proposed as only pre- 
liminary results ; their main value lies in the definite evidence of 
the vast dimensions of the visible stellar universe and in the pro- 
blems suggested for further investigations along this line.— 
HARLOW SHAPELY, Mount Wilson Solar Observatory, in Proreed- 
ings National Academy of Sciences, Vol. I1I,, No. 4. 


THe NEBULat.—We may not speak of the part of space occu- 
pied by our solar system, but simply of the part of space which 
it now occupies, for the sun and all his retinue of planets is mov- 
ing through space at the rate of about twelve miles in every second 
of time. This seems inconceivably rapid to us, but our sun is, 
even at this rate of speed, quite a slow coach compared with many 
of the stars. Thus, when the Egyptians commenced to study 
the heavens five thousand or more years ago, we and our solar 
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system were two trillion miles from where we are to-night. At 
that rate it would take us fifty or sixty thousand years to reach 
the very nearest of all the other stars, provided we were going 
exactly in that direction, which we are not. When you leave the 
hall at the close of this lecture the sun and all our system and all 
of us with it will have traveled about forty-three thousand miles 
from the place where it was when you sat down. If I should 
happen to talk ten minutes too long we should be seven thousand 
miles beyond the corner where we should have got off ! 

But neither the two trillion miles which our system has 
traveled since the days of the Egyptians, nor the equal or greater 
movements which all the stars have made in that interval, have 
made any essential difference in the general appearance of the 
heavens, for two trillion miles is not a very long way as distances 
go in the outer world of space. The Egyptian saw his night sky 
tilted at a different angle and had a different pole star than our 
own, because of a progessive change in the position of the earth’s 
axis, but the constellations looked practically the same then as 
they do now; though all the stars are moving at these rapid 
rates of speed, it takes much longer than five thousand years for 
these motions to show so as to be very perceptible without a tele- 
scope and accurate measures. 

It is certainly a wonderful, a brain-staggering conception, 
more tremendous even than any other of the mighty ideas and 
facts of astronomy, that our own stellar universe may be but one 
of hundreds of thousands of similar universes, It is a familiar 
saying that, ‘‘ An undevout astronomer is mad.’’ This can not 
be interpreted too literally ; there are many astronomers who are 
certainly not mad, who could not, by any stretch of the imagina- 
tion, be termed devout, in the ordinary acceptance of that term. 
But, in a larger sense, the saying isatrueone. Familiarity with 
these mighty concepts most certainly does not breed contempt, 
does not dull our awe at the mightiness of the universe in which 
we play so small a part. It is very doubtful if any of those who 
are seriously studying the heavens ever lose their feelings of 
reverence for this supremely wonderful universe and for Who- 
ever or Whatever must be behind it all.—HerBER D. CurRTIS, in 
Publications Astronomical Society of the Pacific, April, 1917. 
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NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries. 


THE SOCIETY AND THE WAR; AN APPEAL 
FOR HELP 


There are few institutions which have not been affected by 
the great war, and of course it is not surprising that it has 
touched the Royal Astronomical Society of Canada. ‘Ten years 
ago an annual grant of $2000 was obtained from the Dominion 
Government, which ever since has been used for publication pur- 
poses. Indeed, last year over $2300 was spent in the actual 
printing and mailing of the JouRNAL and the HANpDrRooK. In 
January last, after the HANDBOOK for 1917 and the January 
number had been issued and the February one was mostly in 
type, notice was received from Ottawa that, in view of the 
immense expenses of the war, the grant would be omitted this 
year! Great was the dismay of the executive. The JoURNAL 
is the bond of union between the widely-scattered members ; it is 
the only purely scientific periodical published in Canada; during 
its existence many valuable results of astronomical research have 
been given to the world ; and such has been the recognition it 
has achieved that there are few scientific institutions and libraries 
of importance which do not place it amongst their exchanges. 
It was felt, therefore, that the JouRNAL should not be allowed 
to fall, and strong protests were entered against cutting off the 
grant. Even in war-time there are some things which should 
not be sacrificed and the JouRNAL, was felt to be one ofthem. In 


the end one-half of the former amount was promised, that is 


’ 


the Society is to receive $1000 this vear. 
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The Council is very anxious to keep up the high standard 
of the JOURNAL, both in size and in illustrations, and a circular, 
signed by the President and the General Secretary, has been sent 
out urging that the membership be doubled. This is the best 
way to meet the deficit, and your cordial response is expected. 
If the members will explain to their friends the advantage of 
joining the Society the required funds will certainly be forthcom- 
ing. ‘The matter is urgent; doit now! 


A FINE LUNAR HALO 


On the evening of April 7 a remarkable lunar halo was 
observed over a considerable portion of country. Mr. A. F. 
Hunter sends the accompanying drawing with the following 
= 

On Saturday evening, April 7, 1917, at Barrie, Ont., in 
common with many other persons, I observed a lunar halo of 
exceptional interest. Before the sun went down, viz., about 5 


p.m., there were ‘‘ mock suns *’ not unusual in their appearance ; 
but when the full moon began to give good light about two hours 
later an interesting lunar halo began to appear. This increased 
in brightness and in the number of its elements, sothat by 8 p.m. 
it had begun to attract some attention, and by 9 p.m. it was 
pretty generally under observation on account of its brightness 
and the number of features in view. It became well developed 
by 9.50 p.m. There were two well defined circles with color, 
the first and the second being as usual. Besides these, the moon 
itself was at the centre of a distinct white cross, the horizontal 
line through it making four paraselenz, or ‘‘ mock moons,” 
where it cut the primary and the secondary circles at both sides 
of the moon. ‘These ‘‘ mock moons"’ varied in brightness from 
time totime. The upright ‘‘ moon pillar ’’ was shorter than the 
horizontal line. ‘There was also upper and lower tangent arcs 
on both circles, also varying in brightness, and in distinctness 


as the moon rose higher. It is rare to see so complete a lunar 


halo in these lower latitudes. The observations of others, as 
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well as my own, have led me to believe that the phenomenon 
attained its brightest degree from 10 o’clock to 10.30 p.m., which 
is also about the time of the maximum of an ordinary aurora. 
r By 1.30 a,m. next morning the halo had faded considerably, and 


7 there were fewer of its elements to be seen. ‘There was doubt- 


LUNAR HALO AT BARRIE, ONT., APRIL 7, 1917 


less magnetic polarity in the fine snow particles of the higher 
atmosphere where it was present, in order to produce the optical 
display. On the following evening, April 8, at 8 p.m., there 
was a limited display of some auroral streamers at Barrie, but its 
duration was short, the phenomenon lasting net more than ten 
minutes. 
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Mr. Walter Peters, of Peterborough, reported that the halo 
was visible there from 8 to 11 p.m. or later. He remarks that 
the cross within the circle seemed peculiarly appropriate, as next 
day was Easter Sunday. ‘‘ The cross was so plain that people 
who rarely looked upward could not fail to notice it, and many 
were to be seen in all sections gazing upwards.’’ Reference to 
the phenomenon was made in several city churches, while the 
newspapers made a feature of it in Monday’s issues. 

Mr. Herbert W. Chrysler, of Toronto, observed the halo 
when in Brantford and sent a good drawing of it. 


COMET NOTES 
The discovery of Mellish’s comet was announced in the last 
issue. Since then various observations of position have been 
made, and its orbit has been calculated by Mr. Jeffers and Miss 


Easton, of the Students’ Observatory, Berkeley, California :— 


ELEMENTS 


Time of perihelion passage (7°) 1917, April 1131) G.M.T. 


Perihelion minus node (w) 12y” 50° 
Longitude of node 83° 
Inclination (2) 43° 34° 
Perihelion distance O'151 


KPHEMERIS 


G.M.T. R.A. Decl. Light 
h m s 

March, 5 46 +16 31 1°56 
30°5 2 Oo 43 17 43 

April, oh 18 40 
7°5 33 «450 1S 32 15°7 
14°5 Oo 39 «40 + 34°7 
o 39 39 20 
22°5 o 46 18 3 49 
20°5 $4 45 3 1°55 


Professor Frost states that on March 21, a photograph of the 
comet showed a slender tail about 1° long in position angle 70°. 
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Visually the comet had a diameter of 1’, was round and very 


brightly condensed to a nucleus. The spectrum, like More- 


house’s Comet, showed two strong bands, the fourth carbon, red 
edge 4741 and cyanoen 3883. Bands also seen at 5075, 5914 and 
4017. The continuous spectrum weak. 

On March 24, Pettit observed the tail to be 14’ tong, posi- 
tion 67°. On the same day L. Campbell observed the comet 
with a field glass and estimated its magnitude as 6°2. 

By plotting the positions of the comet, as given in the above 
ephemeris, upon Map II. of the Constellation in the HANDBOOK, 
the path of the comet on the celestial sphere can be determined ; 
and a reference to the ephemeris of the sun (HANDBOOK, p. 6) 
will show that it is now on the west side of the sun. 
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